INTRODUCTION:
It is already known that the design of the induction furnace depends mainly on general calculations and on the experience. This makes the design costly, tedious, and a time consuming task. In this research, a suggested approach is considered to design an induction furnace coil and determines the features of its power supply, that is suitable to furnish the following requirements; "Heating a required part of a certain billet shape to the required temperature in a required time interval". The suggested approach analysis will lead to design the induction heating system including the induction coil and its power source by determining the following:
1-The suitable induction coil shape.
2-The required induction coil current.
3-The required frequency of the induction coil current.
The above last two results will make it easy for the power supply designer to decide his circuit parameters, so this approach will expect the induction furnace performance theoretically.
THEORETICAL BACKGROUND i. Electromagnetic Analysis
It is already known that the complex electromagnetic equations can be greatly simplified based on magnetic vector potential . All quantities related to the induction Joule heat can be achieved, based on the AC current, I, input to the induction coil. A can be expressed with Biot-Savart's law (1) :
The magnetic flux density B is defined as The parameters , , , are the magnetic permeability, permittivity, and electrical conductivity of the medium respectively. These properties are all temperature dependent, and this makes the electromagnetic analysis as a highly nonlinear problem.
ii. Effective Relative Permeability [ ]
The calculation of [ ], must be started from the standard B-H Curve at the ambient temperature. To do so, a function used by Vasiliev [2] for determination of the incremental relative permeability as a function of both T and H used as follows:
When < 750℃
And When ≥ 750℃
: represents the incremental relative permeability for each (H) as a function of temperature T and field intensity H.
: represents the incremental relative permeability for each (H) as a function of H at = 0℃. is 750℃.
The incremental relative permeability calculated from the given B-H data at = 25℃ for certain value of H as and substituted in (9) for the required value of T the result will be for that value of H for the required temperature. Then for the required value of T can be determined since, , then, by dividing the main B-H curve for many steps and the In order to avoid the nonlinearity of the magnetic characteristics during the transient analysis, Fathil (4) presents the idea of average permeability to achieve the effective relative permeability. This idea states that, because neither B nor (H) is sinusoidal, considering the case of B is sinusoidal only, while H will have a distorted shape due to B-H non linearity the average permeability will be
………… (9) Where : represents the distorted time variation of the field intensity.
: represents the time period of one cycle.
In the case of considering H is sinusoidal only, while B will have a distorted shape due to (B-H) non linearity the average permeability will be
Considering
, representing the distorted time variation of the flux density.
Since, in the real case B and H are non-sinusoidal; therefore averaging both permeabilities would be a reasonable approximation to the effective permeability, then
Using (11), the effective relative permeability as a function of H and T can be determined. It is clear that Fathil's method deals carefully with low intensity region.
iii. Thermal Analysis
Thermal analysis includes conduction, convection and radiation. The heating process is coupled with the electromagnetic conversion process. In the heating process, the conduction equation is (2) ,
…...… (12)
Where: is the Joule heat achieved from the electromagnetic process, which is known as HGEN in ANSYS terminology.
On the surfaces of work piece, the heat conduction, radiation and free convection effects are all needed. The governing equation is, (13) : Represents the ambient temperature.
DESIGN AND IMPLEMENTATION OF AN INDUCTION FURNACE THE MODEL
The designed furnace in this research is no more than a laboratory prototype used to verify the proposed approach, so it is not designed for certain application. The longitudinal cross-section of the furnace coil and its core that considered as a cylindrical billet are shown in Fig. (2) . Table ( 
THE FURNACE IMPLEMENTATION
The above results lead to design the single phase inverter to supply the required sinusoidal current with a frequency of 50 kHz. Integrated Gate Commutated Thyristors (IGCTs) (6) avoided in this research due to a low power prototype, while the half bridge inverter circuit designed to feed the induction furnace coil as shown in figure (9). Orcad 16.2 software package used to simulate the half-Bridge inverter to supply the furnace with the required current and frequency as shown in Figure ( 
THE PRACTICAL RESULTS
It is clear that the practical measurements agree with the simulated results, which means that the design approach do well. In spite of the absence of the application for this laboratory type furnace, but it gives an approval for the simulation procedure and encourages going forward in any other design. 
DISCUSSION
The achievement of this work is an algorithm aids in the design of an induction furnace for any application instead of the trial and error method, to avoid high costs and time consuming. It is found that the simulation of the heating process is too complicated due to the non-uniform distribution of the eddy current which leads to non-uniform heat distribution inside the billet. This non-uniform heat distribution leads to change the temperature dependent physical characteristics of the material are like; electrical resistivity ( ), Note: Thermal analysis done using the above mesh, but the elements replaced by PLANE55 which has the ability to measure the temperature distribution inside the core due to HGEN. While to measure the radiated energy due to emission and that due to convection, surface element SURF151 used for this purpose as shown in figure (6-A) (a, b) . Figure (A-6): (a, b) represents the surface element SURF151 which is composed of three nosed. Two nodes on the external surface of the billet to calculate the emission of radiated energy, while the third node in space to calculate the convection in space around the billet.
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